There is clear evidence regarding the health benefits of physical activity. These benefits follow a dose-response relationship with a particular respect to exercise intensity. Guidelines for exercise testing and prescription have been established to provide optimal standards for exercise training. A wide range of intensities is used to prescribe exercise, but this approach is limited. Usually percentages of maximal oxygen uptake (VO 2 ) or heart rate (HR) are applied to set exercise training intensity but this approach yields substantially variable metabolic and cardiocirculatory responses. Heterogeneous acute responses and training effects are explained by the nonuniform heart rate performance curve during incremental exercise which significantly alters the calculations of %HR max and %HRR target HR data. Similar limitations hold true for using %VO 2max and %VO 2 R. The solution of these shortcomings is to strictly apply objective submaximal markers such as thresholds or turn points and to tailor exercise training within defined regions.
Introduction
Evidence regarding the health benefits of physical activity is overwhelming and there is no doubt about the impact of exercise training on health and fitness [1] [2] [3] . Exercise training improves exercise tolerance as well as symptoms of particular diseases and increases submaximal and maximal exercise capacity [2] [3] [4] [5] . Furthermore, exercise training improves quality of life and reduces hospitalisation, morbidity, and mortality [6] [7] [8] [9] [10] . There is clear evidence that exercise training therapy positively affects chronic diseases in general [2, 5] , and therefore exercise training is usually an integral part of secondary prevention and specifically of cardiac rehabilitation [11] . However, the applied exercise prescriptions in the underlying training interventions studies vary considerably. Corra et al. [11] suggested the usually applied exercise modalities to be safe, however, the question about the most effective training mode still remains to be answered.
As presented by the American College of Sports Medicine (ACSM) the essential components of a systematic individualized exercise prescription include the appropriate mode(s), intensity, duration, frequency, and progression of exercise training at which exercise intensity is considered as the most important of the primary variables [12] . With respect to exercise intensity, we may suggest that the optimal individually tailored exercise prescription for each single subject can only be determined from an objective evaluation of the individuals' response to exercise. This implies the standard use of cardiopulmonary exercise testing for the functional evaluation of healthy subjects and patients and the determination of individual reference points for every single subject [13] [14] [15] [16] . It seems obvious that the relative but not the absolute intensity is the major impact for an exercise-induced increase in several mRNA [17] pointing to the importance of individual reference points for exercise prescription, independent of health and fitness status.
Health and fitness benefits associated with exercise training follow a dose-response relationship where the importance of optimal individual exercise intensity has been highlighted [5, 17] . That applies particularly to subjects with disease but also for apparently healthy subjects and athletes.
However, in the numerous studies available, various combinations of the above-mentioned components of exercise prescription were applied, and up to now there is 2 Cardiology Research and Practice no consistent model of exercise prescription fulfilling the optimal individual needs for training studies in healthy subjects and patients.
Guidelines for exercise testing and prescription have been established to provide optimal standards for exercise training in healthy subjects as well as for cardiac rehabilitation and secondary prevention programs [12, [14] [15] [16] . These standards give a broad spectrum of possibilities for the attending physician by defining safe and effective upper and lower limits in general terms. However, this wide range of intensities for the prescription of exercise recommended in these guidelines (Table 1 ) makes it rather difficult to make an appropriate choice of exercise intensity for a single individual. The application of various exercise intensities within this wide spectrum gives good reasons for differences in the training responses and the heterogeneity in outcome seen in all kinds of different exercise training intervention studies limiting the comparability of data [25, 26] .
The questions to be answered are which optimal choice of intensity for an individual is safe (upper limit) and effective (f) Figure 1 : Schematic representation of first-and second-turn points of selected variables (La blood lactate concentration; VE: ventilation; VE/VO 2 : equivalent for oxygen uptake; VE/VCO 2 : equivalent for carbon dioxide output; HR: heart rate; B f : breathing frequency) and distinct phases (Ph 1-3) of energy supply determined from young healthy male subjects. Ph 1: no increase of blood lactate concentration above baseline during constant load exercise. Ph 2: increased but steady state blood lactate concentration during constant load exercise. Ph 3: continuous increase of blood lactate concentration during constant load exercise leading to early termination of exercise.
(lower limit) and, even much more important, which is the optimal definition of exercise intensity for scientific investigations to evaluate training effects in healthy subjects and patients suffering from various chronic diseases [13, 27, 28] . As exercise intensity is suggested to be the leading component of exercise prescription we draw our attention especially to this specific component, although one should be aware of the fact that all components of exercise training and their combination are also substantial parts of the action of exercise training.
Exercise Intensity
It is suggested that physiological benefits gained from exercise training are primarily dependent on the intensity of the training stimulus [32] . The intensity should be above a minimal level required to induce a training effect which was shown to be at 40%-49% heart rate reserve (HRR) or 64%-70% maximal heart rate (HR max ) or even lower at 30% oxygen uptake reserve (VO 2 R) in unfit subjects [19] . However, clearly defined standards for the lower limit of prescriptible aerobic training intensity have not been established yet, neither in healthy individuals nor in cardiac patients [27] . As it is well known in work physiology that staying below 33%-50% maximal oxygen uptake (VO 2max ) is necessary to sustain eight-hour work shifts [33] , we may assume this threshold to be a limit which has to be exceeded to gain training effects.
The upper limit of prescriptible aerobic training intensity is crucial for safety and control of exercise-related risks [27] . Therefore, exercise prescription should include individually prescribed upper limits for exercise intensities. Several studies showed that in general training using higher intensities gains significantly greater improvements than moderate or low intensity exercise training with the same volume of exercise [34] [35] [36] or similar energy expenditure [37] . These findings led to a revival of intense interval-type exercise training [38] [39] [40] [41] [42] . However, approaching the limits of tolerance requires more precise and sophisticated diagnostics and exercise intensity prescriptions particularly for patients.
Exercise Intensity Prescription by Means of HR max and HRR
Standard variables used to prescribe exercise intensity are percentages of maximal heart rate (HR max ) and maximal oxygen uptake (VO 2max ) as well as calculated subfractions of these variables such as HR reserve (HRR) and VO 2 reserve (VO 2 R). Heart rate is the most common parameter to determine target exercise training intensity. The usual recommendations are in a range between 64% and 70% to 94% of HR max or between 40% and 50% to 85% of HRR (and VO 2 R) [19] (Table 1) . However, the HR response to incremental exercise was shown to be neither linear nor uniform [29, 30, 43] (Figure 2) . Consequently, this heterogeneous character of the heart rate performance curve (HRPC) significantly alters the calculations of %HR max and %HRR target training HR as shown previously [29, [44] [45] [46] [47] . It is demonstrated in Figure 2 that two healthy young subjects with more or less identical maximal power output (P max ) and submaximal power output at the first lactate turn point (P LTP 1 ) and at the second lactate turn point (P LTP 2 ) vary considerably in their HR response, more precisely in their %HR max at P LTP 2 . So calculating the same target training upper limits by means of %HR max or %HRR gives a completely different training load with respect to the reference turn points [13, 25, 29, 46, 47] . More importantly most patients with cardiovascular disease present an upward deflection of the heart rate performance curve [48] stressing the importance of this problem in this kind of population (Figure 2 ). Using %HR max methods such as the common 85% HR max model will lead to an overestimation of the individual training heart rate by at least 5%-10% and up to 40% in single cases [44] . Figure 3 shows the error of estimate caused by different % HR max at P LTP 2 if fixed percentages of HR max or HRR [29, 44] are applied. Similar results were also shown by Tabet et al. [46] and Wonisch et al. [47] .
Additional concerns may be raised if true maximal HR or oxygen uptake values can be obtained in untrained subject and especially in patients [49, 50] . Because of local leg fatigue, tests may end prematurely before cardiopulmonary endpoints have been achieved [19] .
Exercise Intensity Prescription by
Means of VO 2max and VO 2 R
Oxygen uptake-based prescriptions are frequently used for individual training but more often for exercise training studies since VO 2max is accepted as the criterion measure of cardiorespiratory fitness. Several studies [32, 51] indicated that among healthy adults, %VO 2 R is more closely related to %HRR than it is to %VO 2max , although there is a disparity of 10% between the two first methods mentioned above. It has also been shown that the disparity increases with age [32] . These findings, in addition to the disparity between %HRR and %VO 2max which is greater at low intensities and among low fit individuals, provoked the ACSM to adopt the use of %VO 2 R in place of %VO 2max when prescribing exercise intensity among healthy adults and patients [51] . It is a common assumption that not only absolute oxygen uptake at the anaerobic threshold but also %VO 2max at this threshold is higher in trained subjects [52] . Similarly as shown for HR, exercise prescription based on fixed percentages of VO 2max will lead to an overestimation of target training intensity in patients with limited exercise tolerance and with a first lactate turn point appearing already at a very low power output [53] . In accordance with that, Scharhag-Rosenberger et al. [26] emphasized that applying the same fixed percentage of maximal oxygen uptake yields substantially variable acute metabolic responses across subjects ( Figure 4 ) and that different training stimuli with respect to individual submaximal reference turn points (P LTP 1 , P LTP 2 ) may be expected. In addition, several studies have shown marked individual differences in responsiveness to exercise training Figure 2 : Accuracy of target training heart rate dependent on the time course of the Heart Rate Performance Curve. The same relative intensity of 85% HR max (usual upper limit) gives different work load related to the anaerobic threshold (LTP 2 ) [29] . Subject (A) 85% HR max is well below HR LTP 2 ; subject (B) 85% HR max is already above HR LTP 2 .
interventions. For example, impacts of standardized training programs on VO 2max have ranged from almost no gain up to 100% increase in large groups of sedentary individuals [54] [55] [56] . Similar results have been reported by Hansen et al. [57] in cardiac patients. Data from the HERITAGE family study [56] showed that subjects who exercised at an HR associated with the same relative %VO 2max intensity vary substantially in their training response, in their rate of increase in power output over a 20-wk training program, and in their improvement of VO 2max . However, age, sex, race, and initial fitness had little impact on these individual differences [54, 56] , and a genetic component to explain these differences was suggested [58, 59] . However, one may suggest also the mode of exercise prescription to be a possible factor of influence [25, 26, 28] . Furthermore, similar as discussed for HR max we may critically argue if a true VO 2max can be obtained in untrained obese subjects [60] and patients [61] .
Most of the prescription models used for exercise training interventions refer to maximal variables measured from incremental ergometer exercise giving a wide range of intensities (Table 1) ; however, given the aforementioned limitations of these models, the recommendations to use turn point models are increasing [13, 26, 62] .
Exercise Intensity Prescription by Means of Submaximal Markers-The Turn Point Model
Scharhag-Rosenberger et al. [26] criticized the "traditional" concept to prescribe exercise intensity by means of maximal values, and they suggested that it might be more appropriate to consider the metabolic demand of exercise applying a threshold concept. Several authors [25, 46] have pointed out the shortcomings of training prescriptions without defining a threshold but applying fixed percentages of HR max or HRR leading to differing levels of metabolic stress across subjects (see Figures 2 and 3) . Recently Salvadego et al. [63] suggested that exercise prescription and evaluation should be made at workloads chosen with respect to submaximal markers from incremental exercise and not as percentages of VO 2max . Binder et al. [13] showed the advantage of applying a three phase model, using the first-and the second-turn point approach presented earlier by Davis et al. [64] and later on by our own working group [29, 30, 43, [65] [66] [67] and other authors [68] . This method, however, is surprisingly only marginally described in the current guidelines. This concept is known as the three-phase-model presented already by Skinner and McLellan [69] . As there are numerous concepts to determine thresholds, this topic has been discussed extensively during the past decades. From all these concepts two different main approaches can be deduced:
(1) thresholds indicating the first increase in blood lactate concentration originally defined as the "anaerobic threshold" (AT) by Wasserman and McIlroy [70] and mostly described as the "aerobic threshold" equivalent to the first-turn point for lactate (La), ventilation (VE), and the oxygen equivalent (VE/VO 2 ), and breathing frequency (B f ) [13, 62] , (2) thresholds indicating the maximal lactate steady state which is significantly higher than the first-turn point and mostly described as the "anaerobic threshold" equivalent to the second-turn point for La, VE, B f , VE/VO 2 , and VE/VCO 2 [13, 29, 62, [65] [66] [67] 71] as well as to the heart rate turn point (HRTP) as earlier shown by our own working group [29, 30, 65] . Figure 3 : Error of estimate for percent heart rate reserve (HRR) compared to %HR at the second lactate turn point (LTP 2 ) as well as the error of estimate for percent HR max related to the deflection of the heart rate performance curve (kHR) [29, 30] in healthy young male and female sports students, young obese subjects, older healthy subjects, and patients after myocardial infarction [31] .
Numerous definitions and descriptions of these thresholds have been presented in the last decades [13] .
To avoid any confusion, we therefore recommend to apply a nomenclature defining a first-(TP 1 ) and a secondturn point (TP 2 ) and denominate the turn points by the variable used to detect the turn point such as the first and the second turn points for lactate (LTP 1 , LTP 2 ), heart rate (HRTP 1 , HRTP 2 ) ventilation (VETP 1 , VETP 2 ) or the oxygen equivalent (VE/VO 2 TP 1 , VE/VO 2 TP 2 ) and the carbon dioxide equivalent (VE/VCO 2 TP 1 , VE/VCO 2 TP 2 ). Figure 1 shows a schematic representation of the first and second turn points for these selected variables based on measures of 25 trained male subjects [31] .
Using these objective individual turn points to prescribe exercise intensity allows for homogenous acute metabolic responses and uniform training stimuli across subjects yielding a reduction of health risk and enabling the comparison of results revealed by different training intervention studies.
The complex of problems associated with heterogeneous metabolic responses was pointed up by Hashimoto and Brooks [72] who argued that lactate is not only an oxidizable substrate and glucogenic precursor, but may also act as a pseudohormone called "lactormone" with a distinct signaling role. They nicely showed that lactate incubation upregulated hundreds of ROS-sensitive genes, suggesting the presence of a vast lactate-activated transcription network, a lactate transcriptome. This gives a good reason to postulate the use of exercise training regimes that induce similar metabolic responses across subjects. To ensure this demand, however, one has to respect the lactate shuttle theory [73] which implies a three-phase framework of the lactate performance curve with two distinct turn points [29] [30] [31] and three distinct phases of energy supply. Up to date there are no studies available applying such specifically tailored exercise protocols; however, some studies strongly support this assumption. Lamprecht et al. [74] showed that oxidative protein damage, as indicated by carbonyl protein oxidation, was significantly increased at intensities slightly above LTP 2 (VT 2 ) but was not at intensities below this turn point. Additionally, Jürimäe et al. [75] applied two constant workloads, one just below and one just above HRTP 2 (VT 2 ) in trained rowers. These authors showed that despite minimal heart rate differences of only 5 b·min −1 between two rowing exercise bouts just below or above VT 2 , growth hormone response was almost doubled in exercise above the VT 2 . Given these findings, the second turn point for La, HR, or VE [29, 30, 65, 71, 76] , consistent with the maximal lactate steady state [67, 76] , seems to be a criterion for the upper level of exercise prescription in healthy subjects and patients.
In addition, the prescription of exercise intensity by means of the turn point concept is successfully applicable not only for constant load exercise, but also for interval-type exercise as recently shown by Tschakert et al. [77] .
However, there are still some controversies about the "correct" concept of AT-determination to apply. Standards have been set for ventilatory threshold [62] ; however, standard lactate-derived thresholds are still missing.
Conclusions
Exercise intensity plays a pivotal role to gain a sufficient training response without harmful side effects in healthy subjects and patients. Higher exercise intensities seem to be more beneficial; however, approaching the upper limits of exercise tolerance demands a more precise determination of these limits. Fixed percentages of HR max or VO 2max are not sufficient when approaching the upper limits and include some serious errors. For safety reasons, it may be concluded that the upper limit of target heart rate for exercise prescription should therefore not be assessed by means of a particular percentage of HR max , HRR, VO 2max , or VO 2 R, but by using intensities related to a certain threshold or turn point. The lactate turn point (LTP) concept gives a valid approach as it has a theoretical foundation and is consistent with other threshold determinations. As turn point concepts for lactate, heart rate, or ventilatory variables define these upper limits more precisely, this somewhat sophisticated approach is expected to be superior to the usual "art" of exercise prescription using fixed percentages and is therefore recommended by our working group especially for training studies. In addition, we ascertain that this definition of target training zones by means of turn points is necessary for trainings studies to obtain similar relative intensities and therefore comparable results for all study participants independent of their fitness level.
However, evidence regarding the most efficient training mode and intensity is still lacking. Further research is encouraged applying the turn point model describing distinct phases of energy supply to set exercise intensity standards for training intervention studies in patients.
